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Pulmonary surfactant (PS) is a surface active lipoproteic material produced by
type II cells at the alveoli. This material forms a unique air-liquid interface
lining the alveolar surface that reduces surface tension close to 0mN/m, main-
taining lung volumes and alveolar homeostasis at the end of expiration. The
particular lipid composition of PS suggests that mono- and bilayer-based
structures should exhibit lateral phase segregation at physiological tempera-
tures. This work on Native Pulmonary Surfactant Membranes (NPSM),
directly isolated from broncho-alveolar lavages of wild-type mice show that
a detailed lipid compositional study is crucial to understand the structure
and biophysical function of these complex mixtures. Using different micro-
scopy techniques, we have managed to analyze, in detail at the micro- and
nano-scale, qualitative and quantitatively the whole native interfacial film
responsible for breathing in mice. First, it was performed a study of the lipid
phase segregation pattern on free-standing spherical and in planar solid-
supported bilayers. Then, the phase behavior was investigated in planar
solid-supported and in in-situ air-liquid monolayers. We found close corre-
spondence in shape, size, height, area coverage and lipid phase of the domains
between bilayers and monolayers. Contrary to what has been published until
now. Particularly with monolayers, the quantification of the order among
the different coexisting lipid phases indicates that the segregated rounded
domains within a percolated larger area are more fluid. The phase segregation
pattern remains until physiological relevant respiratory surface pressures,
where we found non-homogeneous nanostructure serving as a platform for
a highly corrugated-like collapsed structures, that grow size- and height-
wise, arising from the more fluid phases. This last finding opens a new way
to explore the pulmonary surfactant interfacial films, closer to materials
science, which could help to understand such a basic and important topic;
the respiration in mammals.
101-Plat
Fluid Pulmonary Surfactant Membranes of Torpid Animals Possess
an Orderly Solid-Like Phase at Low Body Temperatures
Lakshmi N.M. Suri1, Antonio Cruz2, Victoria Picardi2, Jonathan Codd3,
Sandra Orgeig1, Jesus Perez-Gil2.
1University of South Australia, Adelaide, Australia, 2Department of
Biochemistry, Faculty of Biology, Complutense University, Madrid, Spain,
3Faculty of Life Sciences, The University of Manchester, Manchester,
United Kingdom.
Pulmonary surfactant (PS), a lipo-protein complex, regulates interfacial surface
tension of the lung. The fluctuations in body temperatures of heterothermic
mammals correlate with fluctuations in surfactant lipid composition as well
as function. Previously we speculated that the higher levels of cholesterol dur-
ing torpor will reduce phase transition temperature (Tm) enabling PS to remain
fluid over a broader range of temperatures. However, these compositional
changes do not explain how the surfactant can attain low surface tensions with-
out suffering film collapse at the interface. To gain a better understanding of the
molecular interactions that take place at the air-water interface, responsible for
surfactant to remain surface active at low temperatures, we explored the
thermodynamic interactions and phase-transitional behavior of pulmonary sur-
factant membranes of heterothermic mammals namely fat-tailed dunnarts
(Sminthopsis crassicaudata) and Gould’s wattled bats (Chalinolobus gouldii).
Thermodynamic studies were conducted with fluorescence spectroscopy by
LAURDAN (6-dodecanoyl-2-dimethyl-aminonaphtalene), fluorescence aniso-
tropy by DPH (1, 6-diphenyl-1, 3, 5 hexatriene) and differential scanning cal-
orimetry. We also conducted epifluorescence and atomic force microscopic
studies to visualise phase coexistence of surfactant membranes of these ani-
mals. Surfactant membranes of torpid animals showed gel-to-fluid transitions
at lower Tm and lower enthalpy compared to warm-active animals indicating
a more fluid like surfactant. However, at low temperatures, fluorescence spec-
troscopy and anisotropy studies showed that surfactant from torpid animals
possessed a dehydrated solid-like ordered phase similar to that of the warm-
active group. This trend was further confirmed by microscopic studies, which
revealed structural differences in the morphology and distribution of compres-
sion-driven segregated lipid domains in surfactant films. This suggests that in
torpid animals, surfactant alters its composition as an adaptation to reducedbody temperatures but retains its function by making structural re-arrangements
of the surface active film.
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The ability of pulmonary surfactant to drive surface tension (ST) to low values
near 0 mN/m during compression stabilizes the alveoli at end expiration. The
manner in which surfactant phospholipids (PL) (50% unsaturation) attain
surface tension near zero is still not clear. Atomic force microscopy (AFM) of
rat surfactant extract films at a surface pressure (SP) of 20 mN/m reveals
microdomains (mD), apparently composed of liquid-ordered (L0) and tilted-
condensed (TC) phases within the predominant liquid-expanded (LE)
phase. Numerous nanodomains (nD) were also present. As SP increased to
40 mN/m, the area composed of mD increased but the nD decreased. This con-
trasts with previous studies with bovine surfactant where the mD appeared to
form nD. At 50 mN/m, the film exhibited the formation of numerous stacked
multilayers (PL bilayers)which could be incorporated into themonolayer during
film expansion. The present results are consistentwith the reversible squeeze-out
of unsaturated PL into multilayers during compression, resulting in a monolayer
highly enriched in gel phase saturated PL components. Furthermore, as with
other surfactants, the presence of L0 phase appears related to cholesterol.
Reducing the cholesterol content by acetone precipitation resulted in the loss
of L0 phase, further implicating this sterol in surfactant phase separation.
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Experimental observations of liquid-ordered (lo) liquid-disordered (ld) phases
in living cells have been elusive. However, recent experiments on giant plasma
membrane vesicles (GPMVs) that were isolated directly from living cells
showed that these GPMVs contain two macroscopic liquid phases, lo and ld,
at low temperatures and one liquid phase at high temperatures and exhibit tran-
sition temperatures in the range of 15 to 25 C [Veatch, S. L., et. al., Chem. Bio.
Lett., 3, p. 287 (2008)]. The GPMVs are particularly interesting since they
retain most of the compositional complexity of living cell membranes. One
of the major differences between the lipid bilayer in the GPMVs and the lipid
bilayer in the living cell membrane is that the GPMVs are free from the actin
cytoskeleton network. It has been shown in renal epithelial cells that tether
forces, and therefore the apparent membrane tension, are significantly lower
on blebs than on membranes that are supported by the cytoskeleton [Dai,
J. and Sheetz, M. P., Biophysical Journal, 77, p. 3363 (1999)].
Using a theoretical model of a bilayer membrane containing cholesterol, dipal-
mitoyl-phophatidylcholine (DPPC), and dioleoylphosphatidylcholine (DOPC)
that qualitatively reproduces phase diagrams of tensionless GUVs of the
same three components [R. Elliott, I. Szleifer, and M. Schick., Phys. Rev.
Lett., 96, p.098101 (2006)], we show that increasing the tension on the lipid
bilayer changes the phase diagram dramatically. Increasing the tension on
the bilayer changes the location of the lo-ld transition until at a high enough
tension the liquid-liquid phase equilibrium disappears. This leads us to specu-
late that the lipid bilayers connected to the actin cytoskeleton in living cells are
not separated into two liquid phases due to the enhanced tension provided by
the cytoskeleton.
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Compartmentalization of the plasma membrane into domains of differing
composition is required for proper cell function, but the extent and origins
of this organization is poorly understood. The non-random distributions of
20a Sunday, March 6, 2011specific membrane proteins has been established through the use of function-
alized immunolabels and genetically encoded fluorescent protein constructs.
Cholesterol- and sphingolipid-enriched microdomains, which are sometimes
called lipid rafts, are also postulated to be present in the plasma membrane
and mediate cell signaling, virus budding, and many other disease-related cel-
lular processes. Advanced high-resolution fluorescence microscopy tech-
niques have revealed the presence of biophysically distinct microdomains
and cholesterol-dependent nanoclusters within the plasma membranes of liv-
ing cells. However a chemically specific and spatially well-resolved imaging
technique is required to unambiguously establish how specific lipid species
are organized within the plasma membrane. Imaging mass spectrometry is
a promising approach for visualizing lipid distribution within membranes
with chemical specificity and submicron lateral resolution. Previously, the
distributions of two isotopically labeled lipids within phase-separated model
lipid membranes were successfully imaged with 100-nm-lateral resolution
by using high-resolution secondary ion mass spectrometry (SIMS). Here we
extend this approach to actual cells and chemically image the distributions
of specific lipids within the plasma membrane with better than 100 nm lateral
resolution.
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Proper lateral organization of protein signaling elements in the cell mem-
brane is crucial for proper cell behavior. Several important signaling pro-
teins, such as some members of the Src family of kinases, are anchored to
the membrane by covalent acyl, alkyl, and glycosylphosphatidylinositol
(GPI) moieties. It has been proposed that these membrane anchors help to
laterally sort proteins into signaling nanoclusters of unknown sizes. We set
out to understand the role of these membrane anchors in the lateral sorting
of proteins in the plasma membrane of a live cell. In order to observe
this, we genetically encode lipidation motifs from a number of different
cell signaling proteins fused to either a monomeric red or green fluorescent
protein in living cells. Using Fluorescence Cross-Correlation Spectroscopy
(FCCS) we are able to quantify the amount of dynamic colocalization of
red and green fluorescent proteins anchored in the cell membrane. By only
illuminating an area of the membrane with the cross-section of a focused
laser beam, FCCS allows us to observe dynamic colocalization on the nano-
meter length scale, and unlike Fo¨rster Resonance Energy Transfer (FRET),
FCCS can detect positive colocalization regardless of orientation and at
lengths beyond the Fo¨rster radius of FRET pairs. We seek to understand if
our fluorescent membrane anchors alone can dynamically colocalize in do-
mains and if these domains can discriminate between different anchors.
We have performed pairwise comparison of green-labeled and red-labeled
membrane anchors in live cells and have seen different levels of cross-cor-
relation for different anchor pairs.
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Nanoscale domains in the plasma membrane may be responsible for a variety of
cellular signaling processes via membrane receptor clustering and lipid phase
partitioning. However, current experimental approaches are limited in spatial
and/or temporal resolution to address many membrane domain hypotheses.
We have developed a new approach utilizing an array of nanoapertures to ex-
amine membrane organization and dynamics with near-field optical fluores-
cence microscopy without incorporating a scanning probe or disturbing the
membrane. These nanoapertures are glass-filled, cylindrical pores (>50 nm
diameter) in a thin aluminum film on a fused silica support, and they provide
a planar surface for unperturbed cell adherence and growth. A nanoaperture
confines the transmitted excitation light to a sub-diffraction limited spot
directly above aperture, providing a 40-fold decrease in the illuminated area
versus diffraction-limited illumination of the plasma membrane. Otherwise
conventional microscopy excitation sources and fluorescent probes are used
to enable fluorescence correlation spectroscopy (FCS) with 50 nanometer
and 1 microsecond resolution. Further, these apertures provide two key benefits
for FCS in addition to improved resolution: assured alignment of numerous
illumination spots for cross-correlations and assured focusing of illumination
on the cellular membrane as opposed to focusing within the cytoplasm.Chromatic aberrations and slight laser misalignment that may complicate far-
field, two-color FCS are not of concern here because the illumination profile
is determined by the aperture directly. This technique has been applied to
both model and living cell membranes to examine the diffusion of lipids and
proteins in nanoscale dimensions. In particular, results will be presented dem-
onstrating the effectiveness of this technique to observe diffusion of membrane
proteins and lipids in varying phases and cross-correlation that occurs after
cross-linking a selected component.
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At present, there is a fundamental discontinuity between model membranes and
real cellular membranes: The macroscopic Lo domains in model membranes
and the nanoscopic lipid rafts found in cell membranes not only differ in
size, but also in lipid order and protein partition behavior. Recently, new exper-
imental evidence shows that nanometer-size Lo domains can exist in model
membranes; however, the lipid mixtures must have at least 4-component and
one of the components needs to be a ‘‘hybrid lipid’’, which is a lipid having
one saturated acyl chain and one unsaturated chain. In this study, lattice model
Monte Carlo simulation was used to simulate 4-component DSPC/DOPC/
SOPC/Cholesterol lipid bilayers. The two chains from the same PC are physi-
cally linked in the simulation. SOPC (18:0,18:1PC) is a ‘‘hybrid lipid’’ with one
chain identical to DOPC (di18:1PC) chains and another identical to DSPC
(di18:0PC) chains. We found that: (a) hybrid lipids can significantly shrink
the 2-phase region, change the compositions of the coexisting phases, and in-
crease interfacial area; (b) depending on the concentration of hybrid lipids, lipid
bilayers can go through a macroscopic to nanoscopic domain size transition; (c)
in addition to hybrid lipids, cholesterol also serves as a line tension reducing
molecule; (d) hybrid lipids are not very good surfactant molecules: Their pref-
erences to occupy lipid domain interfaces and to orient in the ‘‘correct direc-
tion’’ are only modest. Thus, as imperfect surfactants, hybrid lipids can
modulate the sizes and biophysical properties of lipid domains in a complex
way.PLATFORM H: Membrane Receptors & Signal
Transduction I
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Recent publications of structures of G protein-coupled receptors (GPCR) show
conserved waters in the transmembrane domain (TMD), suggesting their struc-
tural and functional importance. A structural description of the waters in the
TMD was obtained with Grand Canonical Ensemble - Monte Carlo simulations
of six GPCRs - bovine and squid rhodopsin, b1- and b2-adrenergic receptors,
adenosine A2A receptor, and the ligand-free opsin that contains several distinc-
tive features of the presumed active state. A Generic Site analysis identifies all
the experimental waters in the TMD as organized in small clusters ranging from
a single water to 6 waters within 3.5 A˚ from the cluster center. The enthalpy of
the waters was approximated by the interaction energy with the rest of the sys-
tem, while the entropy was evaluated by the Inhomogenous Fluid Solvation
Theory. The average free energy is site dependent and represents the transfer
energy of discrete waters from bulk to their site(s) in the receptor as defined
by the crystallographic coordinates. Notable clusters of waters are found bridg-
ing N1.50, D2.50, W6.50 and N7.49. We focus on a single water found in all
structures that bridges TM6 with TM7 through H-bonds to the C=O of residues
6.49 and 7.38, which are exposed due to distortions in the helical structures.
Comparison of the bridging water in rhodopsin and opsin shows a drastic
change in occupancy from 1.0 to 0.44 with concomitant change in their free en-
ergy from 3.8 to 1.3 kcal/mol. This change in the energy coincidental with
the rearrangement of TM6 highlights the importance of this water in GPCR
activation.
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